tration through a calcium release from thapsigargin-sensitive intracellular calcium stores and an opening of store-operated calcium channels. This cascade may influence tissue differentiation and maturation of the melatonin pathway. The [12] which rhythmically releases norepinephrine (NE) at the onset of darkness [6] . By stimulating (X¡-and P,-adrenergic receptors, NE causes increases in the intracellular concentrations of calcium ions and cyclic AMP and shapes the melatonin rhythm by regulating the arylalkylamine-N-acetyltransferase (AANAT), the key enzyme of the melatonin biosynthesis [14] , at transcriptional and post-transcriptional levels. The transcriptional regulation of the AANAT involves activating and inhibitory transcription factors, e.g. phosphorylated CREB and ICER [17, 21, 25, 30, [32] [33] [34] ; a major post-transcriptional mechanism is the cyclic AMP-dependent rapid and reversible control of selective proteasomal proteolysis [9] . All [37] . [7] . Such data suggest the presence of muscarinic acetylcholine receptors (mAChRs) in a presynaptic location, i.e. on the sympathetic nerve endings. The existence of nicotinic ACh receptors (nAChRs) in the rat pineal organ was inferred from immunocytochemical investigations [24] and binding studies with radiolabelled specific ligands [31] and it has been suggested that nicotine has an inhibitory effect on pineal melatonin biosynthesis.
In the last 3 years, several investigations have been performed in an attempt to clarify the cholinergic signal transduction mechanisms, using the rat pineal organ as a model. The results of these studies will be reviewed in the present contribution. Moreover, new data will be presented on the ontogenetic development of cholinergic signalling mechanisms in rat pinealocytes. The components involved in the nicotinic response have been identified using a combination of patch-clamp recordings and calcium imaging [20] . These [4, 20] . The [27, 28] to low levels in adulthood [8, 19, 35] [13] . More likely, activation of mAChRs may play a regulatory role in the development of the pineal gland, in general, and in the maturation of the melatonin-generating system, in particular. The activation of mAChRs has been shown to promote cellular proliferation in neuronal and non-neuronal cells [1, 11] . In the retina, signalling via mAChRs has been proposed to be related to morphogenesis [43] and proliferation [38] . Interestingly, retinal cells also appear to express different types of cholinergic receptors during development which, it is proposed, have diverse and temporally regulated roles in their differentiation [38] . Similar differentiation processes may be controlled via mAChRs in the developing pineal organ which shares the diencephalic origin as well as photoreceptive and phototransducing properties with the retina [17] . The muscarinic response disappears concomitantly with the completion of mitosis [36] . This raises the possibility that the stimulation of mAChRs may also promote cell division in the pineal gland. Alternatively, muscarinic cholinergic signalling may be related to the expression of phototransduction molecules many of which are present at high levels in neonatal rat pineal organs and at low levels in adult rat pineal organs [3] . ] .
CHOLINERGIC SIGNAL TRANSDUCTION IN PINEALOCYTES OF ADULT RATS
Pinealocytes lose the capacity to respond to muscarinic stimuli by the third postnatal week when the rhythmic melatonin synthesis is fully developed. [20, 29] . These events trigger the release of glutamate that, by its action on metabotropic glutamate type 3 receptors, activates an inhibitory cyclic AMP cascade and suppresses NE-induced NAT activation and melatonin synthesis [41, 42] . In adult rats, mAChRs are absent from the pinealocyte membrane, but are present on sympathetic nerve fibres. Activation of these receptors blocks NE release from sympathetic nerve terminals, thus leading to a decreased melatonin output [7] . Thus, ACh 
